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D I  S P U T A N D U M  

T h e  S u p p o s e d  U s e  of  the  L a t e r a l  L ine  a s  an 
O r g a n  of  H e a r i n g  in  F i s h  

In  a r ecen t  rev iew of t he  f u n c t i o n i n g  a n d  t he  signifi-  
cance  of the  la te ra l - l ine  o rgans  I I once  aga in  s t ressed  t he  
fac t  t h a t  e lec t rophys io logica l  a n d  b e h a v i o u r a l  m e t h o d s  in 
t h e  s t u d y  of s enso ry  func t i ons  m u s t  l ead  to  resu l t s  of 
d i f fe ren t  n a t u r e  ~-a. E lec t rophys io log ica l  s tud ies  p r ov ide  
ev idence  on  t h e  e f fec t iveness  of s t imu l i  for t he  receptor 
o r g a n  proper ,  b u t  t h e y  give  no  ev idence  as to  w h e t h e r  
these  s t imu l i  c an  also be used b y  t h e  animal  in  i ts  r e ac t i ve  
behav iour .  To decide a b o u t  the  use m a d e  of a r e c e p t o r ' s  
capabi l i t ies ,  i.e. a b o u t  i t s  biological  s ignif icance,  on ly  
b e h a v i o u r a l  e x p e r i m e n t s  are  a p p r o p r i a t e .  

Consequen t ly ,  t h e  resu l t s  f rom e lec t rophys io logica l  a n d  
b e h a v i o u r a l  e x p e r i m e n t s  were  d iscussed s e p a r a t e l y  in  m y  
review.  A n d  w h e n  I conc luded  t h a t  in  m y  op in ion  ' i t  
does  n o t  seem a p p r o p r i a t e  to  des igna te  t h e  l a te ra l - l ine  
o rgans  as " v i b r a t i o n  r e c e p t o r s "  or  even  as " a  s h o r t - r a n g e  
a u d i t o r y  s y s t e m "  since t he  b io logica l ly  a d e q u a t e  s t imu l i  
a re  n e i t h e r  essen t i a l ly  " v i b r a t o r y "  n o r  do t h e y  seem to  
inc lude  " s o u n d "  in t he  usua l  m e a n i n g  of p r o p a g a t e d ,  
r h y t h m i c a l l y  r epea t ed  pressure  w a v e s '  (~, p. 59), th i s  
whole  s t a t e m e n t  felt u n d e r  t h e  h e a d i n g  of ' b e h a v i o u r  ex- 
p e r i m e n t s ' .  On t he  o t h e r  h a n d ,  I n e v e r  den ied  t h e  re- 
spons iveness  of t he  l a t e r a l  l ines to  c e r t a i n  k inds  of v i b r a -  
t o ry  s t imu l i  w h e n  s t u d i ed  b y  e lec t rophys io log ica l  m e t h -  
ods ;  I r a t h e r  descr ibed  these  r e su l t s  u n d e r  t he  a p p r o -  
p r i a t e  h e a d i n g  (x, p. 64/65). 

The  cr i t ica l  o b s e r v a t i o n s  of severa l  A m e r i c a n  a u t h o r s  
w i t h  r e g a r d  to  m y  conclus ions  a b o u t  t h e  biological  sig- 
n i f icance  of t he  l a te ra l - l ine  s y s t e m  are  off t h e  m a r k  be-  
cause  no a c c o u n t  is t a k e n  of t he  di f ference m e n t i o n e d  
above .  T h u s  SUCKLING a n d  SUCKLING 5, w ho  f o u n d  t h a t  
t h e  l a te ra l - l ine  r ecep to r s  of f ishes r e s p o n d e d  e lec t ro-  
phys io logica l ly  to  low- f requency  w a t e r  v ib ra t i ons ,  fel t  
obl iged to  ' r e h a b i l i t a t e '  t h e  c o n c e p t  of t he  s y s t e m  as a 
v i b r a t i o n  p e r c e p t o r  ' desp i te  t h e  conclus ions  of DIJK- 
GRAAF'. Likewise,  VAN BERGEIJK 6 ci tes  e lec t rophys io -  
logical  ev idence  t h a t  t he  la te ra l - l ine  o rgan  r e sponds  to  
near- f ie ld  d i s p l a c e m e n t s  of s o u n d  sources,  a n d  o n  t h a t  
g r o u n d  seems to  feel a u t h o r i z e d  to  co r rec t  m y  s t a t e m e n t s  
a b o u t  the  use m a d e  of th i s  o r g a n  sys tem,  which  a re  based  
on  b e h a v i o u r a l  da ta .  H e  even  says:  'DIJKGRAAF'S mis-  
concep t ion  a p p e a r s  to  res ide  in t he  no t ion  t h a t  a s o u n d  is 
necessar i ly  periodic' (~, p. 59). T he  r e a d e r  m a y  judge  for 
h imse l f  f rom the  q u o t a t i o n  of t he  r e l e v a n t  sen tence  of m y  
rev iew (see above)  w h e t h e r  i t  is jus t i f ied  to i m p u t e  th i s  
n o t i o n  to  me.  P a r e n t h e t i c a l l y ,  I m a y  confess t h a t  in  m y  
op in ion  still  m o s t  sounds  and  - even  if on ly  b y  def in i t ion  - 
all l ow- f requency  v i b r a t i o n s  are per iod icL  Las t ly ,  
TAVOLGA a n d  }VODINSKY 8 wr i t e :  'DIJKGRAAF e l i m i n a t e d  
t he  l a te ra l  l ine as be ing  a low-f requency  sound  de tec to r ' ,  
a n d  aga in  on ly  e lec t rophys io log ica l  ev idence  is c i ted  in 
o rder  to  r e fu te  t h i s  view. Ac tua l ly ,  I n e v e r  ' e l i m i n a t e d '  
t he  l a t e ra l  l ine  as be ing  a p o t e n t i a l  s o u n d  de tec to r ,  b u t  
on ly  a t t a c h e d  due  we igh t  to  the  fac t  t h a t  up  to  t he  
p r e sen t  mos t  of t he  cr i t ica l  b e h a v i o u r  e x p e r i m e n t s  y ie lded 
ev idence  aga ins t  t h e  use of l a t e ra l  l ines in  sound  de t ec t i on ,  
whereas  u n e q u i v o c a l  pos i t ive  ev idence  is st i l l  l ack ing  D. To 
quo te  aga in  f rom m y  rev iew:  'The  l a te ra l  lines m a y  par-  
t i c ipa t e  in  t he  de t ec t i on  of low- f requency  sound  sources  
a t  s h o r t  r ange  - t h i s  is s t i l l  a n  open  ques t ion  - b u t  t h e y  
are a p p a r e n t l y  no t  engaged  in t he  p e r c e p t i o n  of p ropa -  
ga t ed  sonic or in f rason ic  sound  waves '  (1, p. 94). 

I n  o rde r  to  a v o i d  m i s u n d e r s t a n d i n g ,  I m a y  a d d  t h a t  
t h e  b io logica l ly  a d e q u a t e  s t imu l i  of t h e  la te raI - l ine  organs ,  

as d e t e r m i n e d  b y  b e h a v i o u r a l  e x p e r i m e n t s ,  a re  w a t e r  dis- 
p l a c e m e n t s  a c t i n g  local ly  on  t he  f ish b o d y  a n d  partic.u" 
l a r ly  w a t e r  d i s p l a c e m e n t s  a roused  b y  m o v i n g  ob jec t s  111 
t he  i m m e d i a t e  n e i g h b o u r h o o d  of t h e  o b j e c t  (Stau**ngs" 
erscheinungen or ' d a m m i n g  p h e n o m e n a ' ) .  These  displace" 
m e n t s  a re  m u c h  more  a k i n  to  rea l  w a t e r  c u r r e n t s  (to 
w h i c h  t h e  l a t e r a l  l ines  a re  also m o s t  s ens i t i ve  in  bebav ioa t  
expe r imen t s )  t h a n  to  s o u n d  (to wh ich  t h e  l a t e r a l  l ines are 
a p p a r e n t l y  n o t  s ens i t i ve  in  b e h a v i o u r  exper imentS) '  
The re fo re  i t  seems to  me  on ly  confus ing  to  biologis ts  if 
t h e  l a te ra l - l ine  s y s t e m  is i n d i c a t e d  as a n  acous t ic  recap" 
t o r  s y s t e m  6, even  t h o u g h  i t  m i g h t  be  poss ible  to  describe 
al l  w a t e r  d i s p l a c e m e n t s  in  d a m m i n g ,  t e c h n i c a l l y  correctly,  
in  t e r m s  of  a specia l  (near-f ield)  acous t ic  p h e n o m e n o n .  
One  m i g h t  j u s t  as well  i nd i ca t e  t he  semic i rcu la r  canals  of 
t h e  l a b y r i n t h  w i t h  t h e i r  e n d o l y m p h - d i s p l a c e n l e n t - s e n s i "  
t i v e  c r i s tae  as  a n  acous t i c  r e c e p t o r  s y s t e m  (see alsoL 
p. 59). 

Fina l ly ,  a n o t h e r  c r i t i ca l  o b s e r v a t i o n  of TAVOLGA and 
WODINSKY 8 is off t he  m a r k  for t h e  same  reason  t h a t  was 
m e n t i o n e d  earl ier .  The  a u t h o r s  w r i t e :  'DIJKGRAAF also 
e l i m i n a t e d  the  f u n c t i o n i n g  of t he  l a t e r a l  l ine  in  t h e  detec- 
t ion  of l ocomoto r  cu r ren t s .  W e  fail  to  see t he  difference 
b e t w e e n  w a t e r  d i s p l a c e m e n t s  p roduced  b y  " m o v i n g  ob- 
s t a c l e s "  a n d  those  p r o d u c e d  b y  t h e  h y d r o d y n a m i c s  of 
f ish locomot ion ' .  I n  r ep ly  to this ,  one  can  on ly  s ay  tha t ,  
t h o u g h  t h e  a u t h o r s  m a y  fai l  to  see t h i s  difference,  the  
i n t e g r a t i v e  cen t r e s  of t h e  f ish b r a i n  e v i d e n t l y  see i t  and  
d i f f e r en t i a t e  qu i t e  well, as  follows f rom t h e  e x p e r i m e n t a l  
fac ts  p r e s e n t e d  in m y  rev iew (1, p. 80). Aga in  a s t a t e m e n t  
a b o u t  t h e  use m a d e  of t he  l a t e ra l - l ine  s y s t e m  is mixed  up 
w i t h  a s t a t e m e n t  a b o u t  t h e  phys io log ica l  capabi l i t i es  of 
t he  r ecep to r  o rgans  p rope r  ~°. I n  th i s  way ,  a p p a r e n t  
c o n t r a d i c t i o n s  are c r ea t ed  a n d  un jus t i f i ed  c r i t ic i sm is 
b r o u g h t  a b o u t .  
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W. A. VAN BERGEIJK, Marine Bio-Acoustics (Pergamon Press, NeW 
York 1964). 
A few erroneous statements in VAN BERGEIJK'S article s may be 
briefly rectified: (a) The ability of fish to distinguish single tonal 
stimuli when two or three tones are presented simultaneously is no 
terra incognit~ but has been demonstrated by H. STETTEIZ (g. 
vgl. Physiol. 9, 33!t (1929)). (b) Neither VON Fr~tscll nor I have ever 
said that fish could swim up a sound gradient and find the source 
that way, i.e. directed. We rather stressed the opposite (K. vo~ 
FRIsCU und S. DHKGRAAI~, Z. vgl. Physiol. 22, 641 (1935)). 

s W. N. TAVOLGA and J. Wo~I~SKV, Bull. Am. Mus. Nat. Hist. 
1'26, 177 (1963). 

9 H. KLEEREKOPER and P. A. ROGGENKAMP (Can. J. Zool. 37, 1 
(1959)) claim to have obtained positive evidence, but this is 1~ot 
convincing because their experiment (with one animal) was not 
adequately controlled. 

lo TAVOLGA and ~,VoDINSKV s have also mixed up data from two of l~ay 
articles on hearing in marine fish u,~2, one of which 1~ is lacldllg in 
their reference list. One wonders why many parts of the fish body 
are considered in the discussion of the acoustical transparency of 
fishes except those which are presumably the nmst relevant in 
sound detection, namely the otoliths (see tv-13). 

n S. DUKGRAAF, Physiol. comp. oeeol. 2, 81 (1950). 
1~ S. DIJKGRAAF, Z. vgl. Physiol. 84, 104 (1952). 
la S. DIJXCRAAF, Proc. roy. Soc. B152, 51 (1960). 



15. X. 1964 Brevi comunicazioni - Brief Reports 587 

Zusammenfassung. Die  U n t e r s u c h u n g  t i e r i scher  Sinnes-  
organe m i t  e l ek t rophys io log i schen  M e t h o d e n  k a n n  die  
funkt ione l tcn  E i g e n s c h a f t e n  des  R e z e p t o r s  als so l chen  
..kl.arlegen, sic b e r e c h t i g t  abe r  n i c h t  zu Sch luss fo lge rungen  
tiber die funk t ione l l e  B e d e u t u n g  des b e t r e f f e n d e n  S innes -  
organs im L e b e n  des Tieres.  Zu so lchen  Schlussfolge-  
rungen  s ind  V e r h a l t e n s v e r s u c h e  er forder l ich .  Die  N i c h t -  
b e a c h t u n g  dieses u n t e r s c h i e d l i c h e n  C h a r a k t e r s  de r  n a c h  

b e i d e n  M e t h o d e n  e r h a l t e n e n  R e s u l t a t e  f i ih r t  zu schein-  
b a r e n  ~Viderspr i ichen u n d  zu u n b e r e c h t i g t e r  Kr i t ik ,  wo- 
y o n  einige r ezen te  Beispie le  ange f f ih r t  werden .  

S .  D ] J  K G R A A F  

Laboratory o[ Comparative Physiology, Utrecht 
(Netherlands), August 30, 1964. 

P R O  E X P E R I M E N T I S  

Application of Oscillographic Polarography in 
Photochemistry of some Deoxyribonucleic Acids 

The  inf luence  of u l t r av i o l e t  l i gh t  (UV) a n d  some p h o t o -  
d y n a m i c a l l y  ac t ive  organic  dyes  on  t he  nucleic  acids  ha s  
been s tud ied  b y  n u m e r o u s  i nves t i ga to r s  ~-b. S t u d i e s  were  
Carried o u t  us ing  d i f f e ren t  t e c h n i q u e s  b u t  no  e lec t ro-  
chemical  m e t h o d  ha s  been  used  un t i l  now. T he  p u r p o s e  
of the  fol lowing c o m m u n i c a t i o n  is to  p r e s en t  resu l t s  con-  
Cerning t h e  app l i c a t i on  of a l t e r n a t i n g  c u r r e n t  oscillo- 
graphic  p o l a r o g r a p h y 6  in  t h e  i n v e s t i g a t i o n  of t he  effects  
of U V - i r r a d i a t i o n  on  t h e  deoxy r i bonuc l e i c  ac ids  (DNA's)  
isola ted f rom two  va r ious  sources.  

T h e  a p p a r a t u s  Po la roscope  P 524 (K~i~ik, P rague)  was  
Used w i t h  a m e r c u r y  d r o p p i n g  e lec t rode ,  a l lowing  us to  
follow the  f u n c t i o n s  dE/dt a g a i n s t  E .  Samples  of D N A ' s  
Were a n a l y s e d  in  t h e  0.5 M a m m o n i u m  f o r m a t e  m e d i u m  
( p H ~  7.0) us ing  a n o r m a l  p o l a r o g r a p h i c  cells a n d  t he  
osci l lograms were  reg i s te red  p h o t o g r a p h i c a l l y  ~. 

All m e a s u r e m e n t s  were  pe r fo rmed  w i t h  or ig ina l  nega-  
t ives magn i f i ed  b y  op t i ca l  p ro jec t ion .  F o r  th i s  s t u d y  t h e  
I3NA's  f rom calf  t h y m u s  a n d  Escheriehia coli B were  used 
in t h e  d i lu te  s t a n d a r d  buf fe r  ( 0 . 015M sod ium chlor ide  
+ 0 . 0 0 1 5 M  s o d i u m  c i t ra te ) .  So lu t ions  of D N A ' s  were ir- 
r ad i a t ed  2-2.5 m m  in d e p t h  on  open  dishes  a t  a d i s t ance  

of 5 cm us ing  a Ph i l ips  TUV,  30 W, low pressure  m e r c u r y  
l a m p  w i t h  a n  emiss ion  m a x i m u m  a t  t h e  w a v e l e n g t h  of 
2.537 A. A t  t he  s ame  t i m e  a p a r t  of t he  D N A  so lu t ions  
m e n t i o n e d  a b o v e  was lef t  as a con t ro l  w i t h o u t  UV-  
i r r ad ia t ion .  Samples  were d e n a t u r e d  b y  h e a t i n g  a t  d i f -  
f e ren t  t e m p e r a t u r e s  for 10 ra in  a n d  q u i c k l y  cooled in a n  
ice b a t h  8. The  c o n c e n t r a t i o n s  of D N A ' s  were  50 # g / m l  of 
t he  d i lu te  s t a n d a r d  buffer .  

I f  h i g h l y  po tymer i zed  D N A  is s u b j e c t e d  to  a l t e r n a t i n g  
c u r r e n t  osc i l lographic  p o l a r o g r a p h y  in a n  a m m o n i u m  
f o r m a t e  m e d i u m ,  i t  p roduces  a c h a r a c t e r i s t i c  anod ic  in-  
d e n t a t i o n  on  t h e  osc i l logram (Figure  1, D) for  w h i c h  
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Fig. 2. Heat denaturation curves of the calf thymus DNA, derived 
from the oscinopolarographic measurements. Curve 1 : DNA before 
the UV-irradiation. Curve 2: DNA after 60 min of UV-irradiatiom 

Pig. 1. Anodic part of the dE/dt=lt(E ) curve of the calf thymus 
bNA in 0.5M ammonium formate medium (pH=7.0). D = t h e  

depth of indentation. 
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